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Why create deep underground facilities?

To access the science with improved signal to background
• Primarily by reducing cosmic ray muon flux
• Reducing spallation products and avoiding cosmogenic activation of materials
• Making highly sensitive searches for new physics possible, and
• Improving precision on low signal measurements

Depending on the objective, signals (or backgrounds) have been
• Cosmic rays
• Neutrinos from multiple natural and terrestrial sources
• Dark matter
• Radioactive decay including 0"## decay
• Ambient neutron and gamma fields, and radon concentrations
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Laboratory attributes

Physical
• Depth, size (floor space and volume), layout

• Access – horizontal or vertical
• Overburden – flat or not

• Proximity to reactors, coupling to accelerator beams
• Limitations on component size and weight
• Local geology – rock quality, U, Th, K concentrations, water ingress

Operational
• Scientific Support – laboratory systems QA and development

• Access support, logistics
• Utilities – power, water, internet, LN2, ventilation, chilling
• Integration support - personnel, safety, machine shops

• Project management support, engineering
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Broad Scientific Programme / Diverse Facilities

Diversity in
• Physical and operational attributes

• Challenges associated with specific facilities
• Material handling logistics

• Seismicity engineering constraints

• Rock mechanics 

• Local support

• Remoteness / travel logistics 

N.B.
• Excluding mega-scale water Cherenkov detectors for neutrino astronomy
• Concentrating on deep, operating, or planned / in construction facilities

• Focus on facilities and their scientific programmes but not generally surveying scientific results
• Drawing on recent (LRT 2022) overviews of facilities presented by Jaret Heise, Sean Paling and Douglas 

Leonard with input from multiple lab directors
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Some visual attributes
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Baksan (Russia)

• Celebrated 50 years in 2017

• New results from BEST (Baksan Experiment 
on Sterile Transitions) V. V. Barinov et al., 
Phys. Rev. C 105, 065502, June 2022.
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Photos from CERN 
Courier, May 2017
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Boulby
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CallioLab
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CJPL
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Kamioka
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LNGS
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LSC
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LSM
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SNOLAB (Canada)
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6800’ lab layout
(6000 m.w.e. / 0.3 ! m-2 day-1)

Map of the underground facility showing 
locations of experiments and various ancillary 
areas.

• Cryopit is allocated to the tonne-scale 
0"## program

• Otherwise all available space is occupied 
and actively managed under SNOLAB’s 
project lifecycle program

• A conceptual design for a lab expansion 
exists...
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SNOLAB 
Experimental 
Programme
• 10 operational
• 4 in construction
• 9 in pipeline in various stages

• letter of intent
• in design
• in preparation
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HPGe Detectors:
PGT Coaxial Detector , Canberra Coaxial Detector (Lively), 
Canberra Well Detector, Eurisys Mesures Coaxial Detector 
(Vue Des Alpes), Canberra Coaxial Detector (Gopher), 
Canberra Dual HPGe (CTBT)

Alpha Counting:
XIA UltraLo-1800

Radon Emanation Measurements:
Electrostatic Counter (ESC)
Radon Emanation Studies using Bronze and Xeolite/charcoal 
traps
Radon Board on Water System

SNOLAB is 
increasing  low 
background 
screening 
capabilities
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See N. Fatemighomi’s talk
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The LN2 Plant is operational since May 
2022, creating high purity LN2 
(99.999%) at 3,000 L/week. 

It is being tied in to supply SNO+/UPW 
Plant. It is currently used for cooling 
down the HPGe detectors  and will 
soon provide it GN2 through the LBL 
gas distribution system. It is currently 
supplying the CUTE facility, and soon 
all users at SNOLAB will use this LN2 
system.

New Underground LN2 Plant
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SUPL / Yemilab

SUPL (Stawell Underground Physics Lab – Australia)
• Being built at depth of 1000 m

• First UG lab in southern hemisphere

• To participate in DM searches

Yemilab (Korea)
• New, being constructed at 1100 m depth

• Deeper than Kamioka but smaller
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INO / ANDES

INO (India-based Neutrino Observatory)
• Planned for 1200 m cave

• Construction delayed

• National with international involvement

ANDES (Agua Negra Deep Experiment Site – Argentina / Chile)
• Deep: 1750 m rock overburden

• Large: 4000 m2, 70000 m3

• Planned as an international laboratory run by a consortium

• Agua Negra tunnel situation unclear
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Future paths
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G3 Dark Matter
• Liquid Argon-based (GADMC – Global Argon Dark Matter Consortium)

• ARGO LAr 300 tonne to follow Darkside programme
• SNOLAB is target location

• Liquid Xenon-based (XLZD – XENON LUX-ZEPLIN Dark matter consortium)
• DARWIN LXe 40 tonne-scale
• Multi-purpose detector

G2 !"## Decay 
• Tonne-scale neutrinoless double-beta decay with enriched isotopes

• nEXO 5T 136Xe
• LEGEND-1000 1T 76Ge
• Both have SNOLAB as preferred location; LEGEND-1000 has LNGS as alternate site



Storage of Low Radioactivity Argon

• The GADMC and DarkSide
collaborations have build the Urania 
separation plant to produce argon with 
very low in 39Ar activity from an 
underground CO2 production source.

• With the initial production planned to 
be shipped to Italy for DS-20k, the plant 
can then continue production for future 
requirements.

• There is a unique global opportunity to 
harvest and store this radio-pure argon 
for future experiments such as LEGEND, 
COHERENT, Argo, and DUNE. 
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SNOLAB Expansion Conceptual Design
• SNOLAB has completed a conceptual design for the 

underground lab expansion to create new experiment 
spaces and underground facilities. SNOLAB is now 
seeking a funding opportunity for this expansion.

• Part of the expansion design includes a gas storage 
terminal for up to 400 tonnes noble gas, e.g. argon.

• The design also includes a raise for a noble gas 
distillation column.

Distillation column raise
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ARGUS
• ARGUS is a project within the GADMC collaboration with the goal to design and 

procure high pressure argon gas storage and transportation skids, and to store 

the gas underground at SNOLAB.

• The goal is to store up to 400 tonnes of the low radioactivity argon production 

from Urania.

• The gas will be stored underground to shield from cosmogenic activation and to 

be available for next generation experiments (e.g. LEGEND, Argo).

• High pressure gas (500 bar) storage is preferred as storage is compact and low 

maintenance compared to cryogenic storage. 

• Prior to the SNOLAB expansion, the gas skids can be stored at other locations in 

the mine.

• Location at 4000L level Creighton Mine suitable for ~100 tonnes with minimal 

development, and can be developed for 400T capacity if required.

4000L Creighton

Rail car

Gas skid
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Summary / trends

• Direct dark matter and 0"## decay searches
• Increasing sensitivity
• Larger targets / more isotope
• Must have commensurate reduction in backgrounds

• Purer materials / underground manufacturing and storage
• Advances in purification technologies
• Advances in low background material assay capabilities
• Larger shielding / increasing space requirements
• Improved vetoing / tagging of cosmic rays and spallation products
• When needed – greater depth
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Thanks!

• Questions?
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